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INTRODUCTION 
It has been predicted that the cost of nitrogen fertilizer will 
soon triple. Consequently, N management by wheat growers in South 
Dakota will be even more critical than it has been in the past. 
Nitrogen is one of the most limiting nutrients for wheat production in 
South Dakota. Many of the spring wheat producers fail to take advantage 
of nitrogen fertilizer recommendations based on soil testing. 
Therefore, it is likely that a simple post harvest method of determining 
if adequate N was present for wheat crop would be very beneficial to 
spring wheat producers. One such method is using grain protein content 
as an indicator of N sufficiency or insufficiency. 
In 35 experiments that were conducted from 1963 through 1981, 
grain protein content was utilized to determine N response. This tech-
nique of using the grain protein content proved to be a useful 
indicator of yield response for spring wheat. 
Nine varieties were classified into three groups representing 
high, medium, and low grain protein content. These varieties were grown 
at three locations to determine their response to five levels of N 
fertilization. In general, all varieties produced similar yield and 
protein responses to varying N rates even though their general ranking 
for protein remained constant. 
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The purpose of this study was three fold: (1) to determine the 
importance of variety selections on wheat yield and protein response to 
N; (2) to develop a model to predict the N required to maximize both 
yield and grain protein content and compare it with the existing model 
for nitrogen fertilizer recommendations; {3) to determine the rela-
tionship between relative grain yield and percent grain protein content. 
REVIEW OF LITERATURE 
Some of the effects of various rates of nitrogen fertilization 
on spring wheat are changes in grain yield, grain protein content, and 
their interaction. These factors and varietal differences to nitrogen 
fertilization will be reviewed. Recent research involving use of grain 
protein as an indicator of nitrogen sufficiency in wheat will be 
included in the final portion of this review. 
I. Classical concepts of nutrient sufficiency. 
Qualitative needs of plants for various mineral nutrients have 
been recognized for over a century, but no method had been established 
for measuring the quantitative mineral nutrient requirements of plants 
until recently. The following discussion will focus on development of 
a relationship between the plant tissue concentration of a nutrient and 
the sufficiency of the nutrient for growth. 
Liebig (21) assumed that the nutrient concentration of plants 
was constant and that the plant nutrient composition represented 
nutrient needs. He proposed returning to the soil by way of fertilizer 
all the 11aSh 11 constituents of the crops removed. Lawes and Gilbert 
(20) found that plants may need more phosphorus in the form of fer-
tilizer than other nutrients although they contain less phosphorus than 
many other nutrients. Thus, they concluded that the nutrient com-
position of the crop removed 11 is no direct guide .. to fertilization 
needs. 
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Wolff {35), using increments of nutrients in water cultures, 
reported the "minimum" requirements of the mature oat plant for single 
nutrient in terms of concentrations in the plant. His "minimum percen-
tage" was really the threshold optimum- above which there is luxury 
consumption and below which there is poverty adjustment. This 
corresponded with several researchers• critical percentages. Due to 
lack of constancy of the requirements under various conditions the 
method was not accepted. Hall (17) considered the idea of a critical 
·-
proportion of each nutrient being needed in the ash of plants, but 
concluded that while the supply of a nutrient did affect its con-
centration in the plant, the effect of other factors was as great or 
greater. In later years the same conclusion was reached by almost all 
investigators. Macy (22) pointed out, using Gilbert's (15} data, that 
Hall •s concept of plant response reflects the concept of sufficiency of 
a nutrient relative to all growth factors influencing yield rather than 
the absolute nutrient supply. Therefore, Macy {22) concluded that when 
4 
other factors affect the concentration of a nutrient in a plant, they 
likewise affect the sufficiency of that nutrient as measured by response 
to that nutrient. 
Pfeiffer et al. {25) proposed that there was a definite re-
lationship between the concentration of a nutrient in a plant and its 
sufficiency. In other words, the sufficiency of a nutrient is a func-
tion of its concentration in the plant. 
As the research progressed, the classic explanation of the 
effect of nitrogen on both grain yield and plant N content was provided 
by Macy (22). His research was based on the response of oats toN. He 
was able to classify N fertilizer response into three response ranges. 
He established that under highly N deficient conditions, added incre-
ments of N increased oat yield, but did not affect N content of plant 
or grain. He classified this zone as 11minimum percentage... His work 
also revealed that at higher N rates, added increments of N increased 
both oat yield and N content of plant and grain. He classified this as 
the .. poverty adjustment .. range. At still higher N rates he found that 
yields were not increased by increasing N rates, but plant and grain N 
content were increased. He classified this zone as "luxury 
consumption". These classifications have also been shown to apply to 
wheat by the following researchers, with two possible exceptions. 
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First, it has been demonstrated by Terman (34) that small N applications 
to wheat grown under highly N deficient conditions have caused reduc-
tions in grain N or protein contents. The explanation for this reduc-
tion was that the great increase in carbohydrate production diluted the 
grain N content. The second possible exception was demonstrated by 
Schlehuber and Tucker (29). They found that high levels of N fer-
tilization may promote yield decreases due to "over stimulation" of 
plant foliage. 
The above mentioned classifications remained as fundumental con-
6 
cepts of qualitative needs for many years. As research continued, these 
classifications were enhanced by exploring various aspects such as dif-
ferences among the varieties and environmental influence in terms of 
nutrient needs of a particular crop. 
II. Effect of nitrogen fertilization on grain yield and protein 
content of wheat. 
Numerous fertilizer nitrogen rate trials have been conducted in 
North Dakota over the past 20 years on _wheat (1, 3, 26). · These trials 
have indicated the approximate fertilizer N rates needed to eliminate 
nitrogen as a yield-limiting factor. Trials on dryland, although under 
favorable moisture conditions, showed that yield responses to rates 
higher than 67 kg/ha of nitrogen N occured on very few occasions. 
Bauer, in 1970 (7), reported that grain protein and yield increased con-
currently with fertilizer N applied to six spring wheat varieties. He 
also reported an increase of grain protein content in both irrigated and 
dryland sites on N fertilized plots. Applicaiton of fertilizer Nat the 
rate of 224 kg/ha produced further increases in the grain content of 
dryland grown spring wheat over lower N rates. 
Influence of cultivars on N response. 
It was established by Dubetz (10) in 1972 that relatively high 
rates of N on irrigated land, did not always result in yield responses, 
but protein content was usually increased. Several studies were con-
ducted by the same researcher in Alberta, Canada, which included eleven 
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levels of nitrogen ranging from 0 to 500 kg/ha. Part of the fer-
tilization was achieved by spraying a urea solution during the flowering 
stage. The results showed that the protein content of wheat can be 
increased substantially with relatively high levels of N fertilizer 
applied either to the soil or as a urea spray at the flowering sta9e. 
In these experiments, the highest protein content obtained was 20.7% 
compared with 18.6% that was obtained in previous work where lower rates 
of N were used, Dubetz (11). No significant yield increase was asso-
ciated with this increase in protein; 
Protein content and test weight are two of several properties of 
wheat used to evaluate its quality. From 25 experiments conducted 
in North Dakota, Bauer et al. (5) suggests that 45 to 56 kg/ha of N in 
excess of that needed for maximum yield increased protein an average of 
1.3 percentage units. Nitrogen fertilizer applied in excess of that 
needed for maximum yield usually decreased test weight by an average .73 
kg per 27 kg (1.6 lb/bu). 
It is generally agreed that nitrogen, moisture supply, light, 
temperature, and other growth factors greatly affect the yield-protein 
relationship among wheat cultivars. Differences among cultivars tend to 
be greatest under optimum growth conditions {34). Terman and others 
(33, 28) reported that supplying other needed nutrients and yield-
limiting growth factors, especially moisture, tends to increase yield 
but decrease grain protein. He also reported {33) from North Platte, 
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Nebraska, that there were highly significant inverse correlations (r2 = 
0.85 to 0.94) between yield and crude protein at each N level applied in 
the fall or in the spring, in Cheyenne winter wheat. McNeal and Davis 
(23) have shown that irrigated spring wheat grown at low N levels, con-
sistently resulted in low grain protein and showed good response to 
applied N. The results showed that protein contents were decreased by 
the first 56 kg/ha increment of N. The 112 kg/ha rate increased protein 
above that of the 56 kg/ha treatment but this remained as low or lower 
than that obtained with no applied N. Similar relationships were shown 
by Mexican wheat grown at different moisture regimes (13). 
Many studies indicate that complex interactions between 
cultivars, locations, and fertilizer treatments occur. A two year study 
in Saskatchewan, Canada, involving five diverse spring wheat cultivars 
was conducted (18). The first year, three cultivars (Neepawa, Pitic 62, 
and WS1809) showed highly significant (P .01) differences in yield at 
all four locations. The effects of fertilizer treatments and the culti-
var- fertilizer interactions were significant {P .05). There was a 
high average grain protein content of the unfertilized Neepawa {17.0%), 
the level increased to 17.6% with 10 kg N + 43 kg P, and to 18.2% with 
122 kg N + 43 kg P. Pitfc gave little response to the lower fertilizer 
treatment but its protein content increased from 13.2 to 15.2% with high 
N. Knott {18) concluded that generally, the greater the yield response 
of a cultivar, the less it responded in protein content. He also 
suggested his data provided no evidence that the protein of cultivars, 
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when fertilized with N, depends on initial protein level. High protein 
cultivars may respond as well as low ones. 
Influence of available water on N response. 
Results of several studies show that fertilizer applied to wheat 
grown on nutrient deficient soils will increase yields with little or no 
increase in water use. Bauer and Young (4) in North Dakota calculated 
water use efficiency as follows: 
Water use efficiency = 
Average yield in bushels per acre 
----------------------------------Total soil water at seeding - total 
soil water at harvest + growing 
season rainfall. 
Their results show that, in wheat, the average total quantity of water 
remaining in the soil at harvest to 152 em was somewhat less on the 
higher yielding fertilized plots, indicating that higher yield did 
require slightly more water. The greatest difference (1.52 em) was 
noted at those sites where yield differed by more than 807 kg/ha. It 
was concluded that the water use efficiency was always greater on the 
higher yielding plots. Therefore, the greater the yield difference, 
the greater was the water use efficiency. 
Another study by Raming and Rhodes (27) at Nebraska shows that 
water use efficiency increased as available soil moi·sture and rate of N 
fertilization increased in winter wheat. The results show that when 
preplant moisture was ap proximately 8, 15, or 20cm, the wheat crop 
removed 2.54 to 5 em more water from 183 em profile when nitrogen was 
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applied than when no nitrogen was applied. Consequently, the ratio of 
yield to total water use increased as preplanting available soil 
moisture and rate of nitrogen fertilization increased. This increase in 
yield was attributed to greater plant and root development stimulated by 
nitrogen and the roots probably more thoroughly permeated the soil 
volume. 
A comprehensive study by Campbell and Davidson (9) was conducted 
to examine in detail, the complex interactions between moisture stress, 
N fertilization and temperature as they affect growth and productivity 
of spring wheat. Results show that when moisture stress occured at 
tillering (2 in Feeke•s scale) through last leaf visible (8 in Feeke•s 
scale), it had no effect on protein concentration. However, high 
moisture stress at last leaf visible showed there was an increase in 
protein at higher N levels. This, according to the researchers, indi-
cated that at least part of the effect of moisture stress on protein 
content is due to N dilution via grain yield response (9). 
Influence of other essential elements (P and K) on N response. 
There were several studies conducted to determine the influence 
of phosphorus and potassium on yield and grain protein content in South 
Dakota. In 1975, in Deuel County, a study revealed that addition of 58 
kg/ha of P205 consistently produced the highest yield for all spring 
wheat varieties, Pylman et al. (26). The soil test on this site indi-
cated that the phosphorus level was very low (8 kg/ha). Among all the 
varieties, Era and Bounty 208 showed larger yield increases due to added 
11 
phosphorus. Further investigation of the data revealed that there was 
no yield response to over 45 kg/ha of N at 0 P205 in Waldron. But there 
was a significant yield increase with additional P205 (58 kg/ha) to N 
upto 134 kg/ha of N. In Era, slight yield increase was observed upto 90 
kg/ha of N at 0 P205, but there was a substantial yield increase up to 
179 kg/ha of N. This interaction shows that if P is limiting, maximum 
yield response to N will also be limiting (Paul Carson, unpublished 
data). The effect of added potassium on yield was observed on all five 
varieties. The average of all five varieties for each treatment shows a 
yield increase of 134 to 269 kg/ha for added potassium. Considering the 
individual variety, Era showed a 605 kg/ha yield increase from applied 
potassium {20 kg/ha) while WS1809 showed only 269 kg/ha. 
Another study comparing semi-dwarf with tall cultivars of spring 
wheat in Logan, Utah (36) showed that yield of three semi-dwarfs 
increased proportionately more than those of three tall cultivars due to 
N .fertilization. Increased yields due to early application of N were 
mostly due to larg~ number of culms per unit area. Protein increases 
attributed to N were greatest in the tall varieties. But added 
phosphorus gave no significant increase in any measured character of the 
cultivars. Boatwright and Hass (8) also suggested, since fertilized 
plants attained maximum dry weight and N and P uptake occurs by heading, 
grain production appeared more dependent upon transfer of nutrients from 
other plant parts than upon absorption from the soil during the period 
of grain formation. 
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It is known that the K ion plays an essential role in protein 
synthesis (12). Koch and Mangel (19) reported in 1977 that a higher K 
supply resulted in an increased content of soluble amino acids in the 
grain. This finding indicates _that K probably promoted the availability 
of amino acids for grain protein synthesis. The above researchers also 
suggested that an inadequate K supply favored the formation of late 
tillers. The assimilates from such tillers might contribute to some 
degree to grain filling. In reality, however, the formation of such 
unproductive tillers has a negative effect on grain yield (19). 
Influence of soil nitrogen on N response. 
In the past decade considerable attention has been paid to the 
soil nitrate test in the Midwest. One of the reasons is that nitrate 
nitrogen can accumulate in both fallow and non-fallow soil profiles in 
large amounts (24). It was demonstrated by the researchers in Manitoba, 
Canada (30) that accumulated nitrate nitrogen influences the uptake of 
nitrogen by barley to the same extent as does nitrogen added as 
fertilizer. Data showed that nitrate nitrogen content of soil to a 
depth of 122 em gave the best correlation (r = 0.95) with yield response 
to nitrogen. 
In 1972, Smika and Greb (31) reported that protein content from 
North Platte, Nebraska, and Akron, Colorado was positively correlated 
with total soil nitrate to a depth of 1.2 or 1.8 m (r2 = 0.82) in winter 
wheat where the nitrate-N furnishing power of soils is related to the 
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total N level of the soil. Presently, the Soil Testing Laboratory of 
South Dakota State University uses soil residual nitrate-N to determine 
fertilizer N needed (2.4 times the yield potential in bu/A minus 0-61 em 
soil nitrate N (14)). 
III. Grain protein as an indicator of N sufficiency. 
In recent years, interest has developed in using grain protein 
content to determine N sufficiency. This has been true in the Great 
Plains where a majority of the wheat producers do not use soil tests to 
determine N fertilizer need, although, most producers do know the grain 
protein levels from their fields. 
In 1982, Goos et al. (16) ~eported that grain protein content 
could be an effective post harvest indicator of N nutrition adequacy for 
winter wheat grain production. This study was conducted to determine a 
critical level and a transitional zone of grain protein content in 
Colorado. By using chi-square analysis, the critical level was deter-
mined to be 11.5% protein and the transitional zone between deficiency 
and N sufficiency was between 11.1 and 12.0%. The amount of yield lost 
due to N deficiency was not related to grain protein content. 
A summary of this review points out an increasing need to deve-
lop a clear understanding of grain yield, protein and their interaction. 
To maximize yield and protien, such understanding is further complicated 
by fertilizer requirement, environmental conditions, and soil moisture 
status. Interaction between the above mentioned factors are highly 
~'7 "0"'0 .._; i / L. 
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dependent upon local conditions and vary from year to year. Therefore, 
the following study was undertaken to improve our understanding of the 
interaction of grain yield, protein, and N fertilization relationship 
for spring wheat varieties in Eastern South Dakota. 
c 15 
MATERIALS AND METHODS 
Field experiments were conducted on four different cooperator's 
farms during the 1981 growing season to evaluate the effect of different 
nitrogen treatments on grain protein content and yield in nine spring 
wheat varieties (Figure 1). In Beadle County, because of the severe 
drought condition around Huron, it was impossible to collect any 
meaningful yield or protein data. Although it may appear from Table 1 
and Appendix Table J that this location received considerable amount of 
rainfall, most of the rainfall occurred late in the season. Therefore, 
no yield or protein data will be reported for this location. The 
cultural practices that were used at each location are shown in Table 1. 
Soil classification and results of soil tests for samples taken before 
planting are shown in Table 2. Moisture at planting was adequate at all 
locations. 
A 9 x 5 factorial experiment in a randomized complete block 
design was used with four replications, except the Codington County 
southeast location. Due to lack of space, one treatment (179 kg/ha) 
along with one replication was dropped. The experimental unit 1.22 x 
7.62 m in size and treatments consisted of Ammonium nitrate-nitrogen 
(34-0-0) at rates of 0, 22, 45, 67 and 179 kg/ha. All treatments 
received 14.8 kg/ha of phosphorus. All the phosphorus and 11.2 kg/ha of 
nitrogen (except 0 level nitrogen) was applied in a band with the seed 
at planting time. The remainder of the nitrogen was broadcast on the 
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Table 1. General information for individual experimental locations. 
Co-unt-y and Seed bed Row PTant 1 ~-FeifiTfifn_g_- -Harv-est *Total 
Location PreEaration SEace Date Date Date Rai nfa 11 
em l11ll 
Lake, Chisel plowing 15 4-23 5-27 8-6 170 
Madison double disking 
Codington, NW, Chisel plowing 15 4-9 5-15 8-5 167 
Wallace disking 
Codington,SE, Chisel plowing 15 4-26 6-1 8-4 203 
Watertown disk in~ 
Beadle, Chisel plowi ng 15 4-20 5-29 8-7 208 
Huron disking 
* Rainfall data was taken from the date of planting through harvest. 
HerbTcTde 
Used 
Hoe 1 on, 
Bronate 
Hoe 1 on, 
Bronate 
Hoe 1 on, 
Bronate 
Hoe 1 on, 
Bronate 
Rate, 
AI 
kg/ha 
.144 
.120 
.144 
.048 
.144 
.072 
.144 
.072 
~ 
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Table 2. Soils information from the experimental areas prior to planting. 
SoiTiesf-ResuTts 
County and Name of Soil Phophorus Potassium Organic 
Location Coo erator Series Classification Matter 
Lake, Ray Egan Udic, Haplustoll, 57 45 560 3.5 
Madison Dick fine-silty, mixed, 
mesic 
Codington,NW, Harlan Poinsett Udic, Haploboroll, 55 10 571 2~8 
Wallace Haugen fine-silty, mixed 
Codington,SE, Phillip Poinsett Udic, Haploboroll, 49 36 459 3.1 
Watertown Cyre fine-silty, mixed 
Beadle Paul Houdek Typic, Arguistoll, 113 25 963 2.5 
Huron Ramse 11 loamy, mixed, mesic 
pH 
6.5 
7.3 
7.1 
6.6 
~ 
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soil surface when the plants were at the 4-6 leaf stage of plant 
development (see Table 1 for date of application). All locations were 
fertilized in the same manner in terms of plant development. 
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· Variety selection: Nine commonly grown spring wheat varieties 
were chosen for this experiment. The varieties were grouped into three 
different protein categories (Appendix A). Among high protein 
varieties, Waldron, Eureka and Coteau were selected. Medium protein 
varieties included World Seed 1809, Butte and Olaf. Low protein 
varieties were Era, Probrand 711 and Solar. Appendix A elaborates indi-
vidual varietal description. All experiments were seeded at the rate of 
84 kg/ha with a John Deere - press drill equipped with double disk 
openers. 
All experiment sites wer·e sprayed separately with Hoelon and 
Bronate for grass and broadleaf control, respectively. Several her-
bicide rates were used based on visual estimation of weed problem. 
Table 1 shows different rates of application. Some infestation of wild 
oats and green foxtail was detected during the growing period, but this 
was not considered detrimental to yield. 
Data collection: Yield components were taken at all four 
locations. These included: (1) height excluding awns, (average of three 
measurements in each plot); (2) stand count which was done by counting 
the number of tillers in one meter length of a row, (average of two 
counts in each plot); (3) head count to determine number of spikelets 
per head (spikelets of 30 heads were counted and an average number of 
20 
spikelets per head was determined in each plot). This data was 
collected and summarized, but not included in the thesis. Harvesting 
was done with a small plot combine for total yield. The samples were 
dried to a moisture content of 10-12%. After cleaning, the yield 
measurements (total weight, bushel weight, and 1000 kernel weight) were 
taken. 
Protein analysis: A Udy Cyclone Sample Mill was used for 
grinding 25-30g of grain sample to flour. This was done in preparation 
for Technicon, InfraAlyzer-300. Every 20th sample was analyzed for total 
nitrogen by the Kjeldahl method (total nitrogen X 5.7 = percent protein). 
A comparison of sample means was conducted by using a two-tailed test, 
there was no signigicant difference at .01 level between InfraAlyzer and 
Kjeldahl method for percent protein. 
Incorporation of historical data: In order to meet the objec-
tives of this study, additional data were needed. Therefore, data from 
32 nitrogen spring wheat experiments (Figure 2) conducted from 1963 
through 1981 were incorporated into this study. These 32 experiments 
were located throughout the spring wheat growing areas of South Dakota. 
Each of the sites consisted of a replicated set of several levels of 
nitrogen fertilizer which allowed calculation of the fertilizer nitrogen 
needed for maximum or near maximum yield. The range of maximum yield 
was from 672-4102 kg/ha (14). 
Statistical methods: Analysis of variance was obtained by using 
PROC GLM (Procedure, general linear model) to determine the levels of 
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significance in various treatments. Stepwise multiple regression analy-
sis was used to determine fertilizer level for maximum grain yield and 
grain protein (Statistical Analysis System). Student's "t" tests were 
conducted according to Steel and Torrie (32). 
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RESULTS AND DISCUSSION 
Field experiments were conducted to determine the grain yield 
and protein nitrogen response characteristics of spring wheat. The 
results will be discussed in four main sections as follows: (1) Effect 
of nitrogen fertilization and variety on yield and protein content; (2) 
Influence of environmental factors on yield and protein; (3) Developing 
a predictive model for N fertilizer required to maximize grain yield and 
percent protein; (4) Using percent protein to predict sufficiency or 
insufficiency of N. 
Effect of Nitrogen Fertilization and Variety on Yield and Protein 
Content. 
The analysis of variance of yield and protein for individual 
locations and location interactions are presented in Appendix Tables B 
through I. 
Lake County, Madison. 
The analysis of variance shows there was a significant dif-
ference between nitrogen treatments. The same was true for varieties 
and replications. There was no significant N by variety interaction for 
yield which indicates that all the varieties reacted to N in the same 
manner (Appendix Table B). In terms of protein content, the nitrogen by 
variety interaction was significant (Appendix Table C). The significant 
interaction indicates that at least one variety reacted differently 
from the other varieties to the N treatments. 
Yield Response. Figure 3 shows the nitrogen grain yield 
response curves for nine varieties. This data is also presented in 
Tables 3-5. The range of yield among these nine varieties was 1548 
kg/ha to 3429 kg/ha. Since there was no significant interaction 
between Nand varieties for yield, nitrogen yield response will be 
discussed averaged over all nine varieties. 
A quadratic equation was developed from this data: (Yield 
= 1965 + 14.120 *fertilizer- .0520 * fertilizer2) with an 
R2 value of .99. The maximum yield predicted by this equation is 
2924 kg/ha at 136 kg/ha of nitrogen fertilizer. In order to 
achieve 98% of this maximum yield (2866 kg/ha), 103 kg/ha of nitro-
gen fertilizer is required. In comparing with the existing model 
(N needed =yield potential * 2.4 -soil nitrate) using 2866 kg/ha 
as yield potential and 57 kg/ha soil nitrate (Table 2), 58 kg/ha of 
fertilizer N would have been recommended which would have resulted 
in 89% (2609 kg/ha) of the maximum yield. 
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Table 3. Effects of levels of nitrogen on grain yield and percent 
protein of three high protein spring wheat varieties in 
Lake County (Madison) 1981. 
N1trogen Gra1n Prote1n Yleld Percent of Rax1mum Y1eld 
Rate Yield Prote1n =Yield X Protein/100 Gra1n Prote1n 
kg/ha kg/ha % -----kg/ha---------- ---------%--------------
WALDRON 
0 1841 13.45 249 69 59 
22 2179 13.93 303 83 72 
45 2313 14.24 329 87 79 
67 2611 14.48 377 99 92 
179 2633 15.82 414 100 100 
EUREKA 
0 1548 14.17 217 64 56 
22 1847 13.94 257 75 64 
45 2213 14.24 314 91 80 
67 2308 14.86 337 94 86 
179 2390 16.24 388 100 100 
COTEAU 
0 1887 14.22 268 64 55 
22 2016 14.74 299 68 62 
45 2435 14.14 343 82 71 
67 2522 14.67 370 86 77 
179 2961 16.40 485 100 100 
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Table 4. Effects of levels of nitrogen on grain yield and percent 
protein of three medium protein spring wheat varieties in 
Lake County (Madison) 1981. 
N1trogen Grain Prote1n Yield Percent ot Max1mum Y1eld 
Rate Yield Protein =Yield X Protein/100 Grain Protein 
kg/ha kg/ha % -----kg/ha---------- ---------%--------------
WS1809 
0 1756 13.26 234 77 69 
22 1948 13.56 265 85 78 
45 2269 14.34 325 100 96 
67 2208 14.36 318 97 94 
179 2166 15.59 338 95 100 
I • BUTTE 
0 2247 12.24 273 70 57 
22 2586 11.97 310 80 65 
45 2858 12.80 365 89 77 
67 2940 13.41 394 91 83 
179 3215 14.87 477 100 100 
OLAF 
0 1763 13.99 246 65 60 
22 2083 13.95 287 77 71 
45 2204 14.17 311 82 76 
67 2622 13.92 365 97 90 
179 2698 15.04 407 100 100 
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Table 5. Effects of levels of nitrogen on grain yield and percent 
protein of three low protein spring wheat varieties in 
Lake County (Madison) 1981. 
Nitrogen Grain Protein Y1eld Percent or Max1mum Y1eld 
Rate Y1eld Protein =Yield X Protein/100 Gra1n Prote1n 
kg/ha kg/ha % - - ---kg/ha---------- ---------%--------------
ERA 
0 2463 11.78 289 72 64 
22 2610 12.00 309 76 69 
45 2976 11.60 344 87 77 
67 2960 12.22 362 86 81 
179 3429 13.10 449 100 100 
PROBRAND 711 
0 2030 12.15 246 73 63 
22 2314 12.17 282 84 72 
45 2407 12.86 309 87 79 
67 2738 12.83 351 99 90 
179 2770 14.12 391 100 100 
SOLAR 
0 2079 11.69 242 65 57 
22 2747 11.62 319 86 75 
45 2906 11.98 348 91 82 
67 3061 12.27 376 96 88 
179 3185 13.34 425 100 100 
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A graphical representation of N response at the Lake County loca-
tion is presented in Figure 4. Nitrogen yield response averaged over 
all nine varieties is presented in Table 6. 
Table 6. Grain Yield Response to Nitrogen, Lake County, Madison, 1981. 
Applied Grain 
Nitrogen Yield* 
-----------kg/ha----------
0 1957 
22 
45 
67 
179 
2259 
2509 
2663 
2827 
*Average of nine varieties 
Yields averaged over all N levels a~e reported in Table 7. 
Table 7. Yield of nine spring wheat varieties. Lake County, 
Madison, 1981. 
Var1 ety Prote1n Gra1n 
Group Yield* 
g ha 
Era low 2888a 
Solar low 2796a 
Butte medium 2769ab 
Probrand 711 low 2452 be 
Coteau high 2364 cd 
Waldron high 2315 cd 
Olaf medium 2265 cd 
WS1809 medium 2069 d 
Eureka high 2061 d 
*Average of all n1trogen rates. 
Means with same letter are not significantly different at 5% level 
using Duncan New Multiple Range Test. 
YIELD (KG/ HAl 
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Figure 4. Nitrogen response curve for spring wheat at Lake County, Madison,l981. 
LU. 
0 
31 
This revealed that there was no significant difference in yield between 
Era, Solar and Butte. On the other hand, Butte is significantly higher 
yielding than Coteau, Waldron, Olaf, WS1809, and Eureka while there is 
no significant difference between the later varieties. Eureka, being a 
high protein variety, remained significantly lower in yield than all the 
low protein varieties. 
Protein Response. At this location, there was a significant 
interaction between N treatments and varieties. Figure 5 and Table 3-5 
show that generally a protein content increase occured with each addi-
tional increment of N with minor fluctuations at lower rates. This 
significant interaction may have resulted from the 0 and 45 kg/ha 
treatments. The protein response would be expected since N was insuf-
ficient to maximize yield at all but the highest N rate. Overall, most 
of these nine varieties responded linearly in protein between 0 and 179 
kg/ha N. A decrease in protein in Butte at 22 kg/ha N rate appears to 
be associated with its increase in yield at this rate. This response was 
also reported by Smika and Greb (31). In nitrogen deficient soil, most 
of the available nitrogen is used to meet the demand for foliage produc-
tion at an early stage of growth. This leaves the plant with very 
little or no nitrogen in the soil for protein deposition which takes 
place at the end of the growth process . Low protein varieties (Era, 
Probrand 711, and Solar) have been shown to be high yielding at high 
nitrogen rates but also relatively nonresponsive in grain protein. 
These varieties resulted in higher yields when fertilized, but had lower 
protein contents. 
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Figure 5. 
protein percent of nine varieties, Lake Co., Madison. 
All three low protein varieties showed very little protein 
increase from nitrogen when compared to the other varieties. This 
demonstrates that low protein varieties cannot be made high in pro-
tein simply by adding more N fertilizer. This phenomenon appears 
to remain valid whether the maximum yield is achieved at a given 
rate or not. 
Codington County, NW, Wallace 
At this location, there was a significant nitrogen yield 
response and a significant variety response but no significant 
interaction between Nand varieties (Appendix D and E). In other 
words, all the varieties responsded in the same manner to nitrogen. 
This is true for both yield and protein content. 
Yield Response. Figure 6 shows the nitrogen grain yield 
response curves for nine varieties. This data is also presented in 
Table 8-10. The range of yield among these nine varieties was 1734 
kg/ha to 2797 kg/ha. 
Since there was no significant interaction between N and 
varieties for yield, nitrogen yield response will be discussed 
average over all nine varieties (Table 11). 
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Table 8. Effects of levels of nitrogen on grain yield and percent 
protein of three high protein spring wheat varieties in 
Codington (Wallace) 1981. 
Nitrogen Grain Protein Y1eld Percent of Raximum Y1eld 
Rate Y1eld Prote1n =Yield X Protein/100 Gra1n Prote1n 
kg/ha kg/ha % -----kg/ha---------- ---------%--------------
WALDRON 
0 1756 14.50 255 82 69 
22 1938 14.96 290 90 78 
45 2070 15.36 317 96 85 
67 2076 15.99 330 96 89 
179 2152 17.32 372 100 100 
EUREKA 
0 2002 14.31 288 90 76 
22 2058 14.47 299 93 79 
45 2021 15.29 308 91 81 
67 2045 15.96 326 92 86 
179 2219 17.17 380 100 100 
COTEAU 
0 1943 14.30 278 90 78 
22 1911 15.41 295 89 83 
45 2045 15.93 326 95 92 
67 2158 16.48 355 100 100 
179 2100 16.57 348 97 98 
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Table 9. Effects of levels of nitrogen on grain yield and percent 
protein of three medium protein spring wheat varieties in 
Codington (Wallace) 1981. 
N1trogen Gra1n Prote1n Y1eid Percent of ~ax1mum Y1eld 
Rate Y1eld Protein =Yield X Protein/100 Gra1n Protein 
kg/ha kg/ha % -----kg/ha---------- ---------%--------------
WS1809 
0 1631 13.39 218 88 75 
22 1734 13.82 240 94 82 
45 1840 14.32 262 99 90 
67 1764 14.54 255 95 87 
179 1854 15.74 292 100 100 
BUTTE 
0 1944 12.26 237 77 64 
22 2270 12.63 286 90 77 
45 2434 13.52 328 97 88 
67 2520 14.10 354 100 95 
179 2364 15.75 372 94 100 
OLAF 
0 1972 13.77 271 89 83 
22 2077 14.35 298 94 92 
45 2218 14.65 325 100 100 
67 1994 15.65 312 89 96 
179 1799 16.71 302 81 93 
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Table 10. Effects of levels of nitrogen on grain yield and percent 
protein of three low protein spring wheat varieties in 
Codington (Wallace) 1981. 
N1trogen Gra1n Prote1n Y1eld Percent of Rax1mum Yield 
Rate Yield Prote1n =Yield X Protein/100 Gra1n Protein 
kg/ha kg/ha % -----kg/ha---------- ---------%--------------
ERA 
0 2201 11.40 250 84 67 
22 2388 11.83 281 92 75 
45 2605 12.31 318 100 85 
67 2513 13.17 328 96 87 
179 2558 14.80 375 98 100 
PROBRAND 711 
0 2034 12.45 254 95 80 
22 1862 12.93 241 87 76 
45 2147 13.98 301 100 97 
67 2047 14.14 289 95 92 
179 2095 15.15 316 98 100 
SOLAR 
0 2509 11.49 285 90 73 
22 2651 11.58 304 95 77 
45 2777 12.59 345 99 88 
67 2797 13.60 372 100 95 
179 2726 14.53 393 97 100 
Table 11. Grain yield response to nitrogen, Codington County, NW, 
Wallace, 1981. 
N1trogen Gra1n 
Rate Yield* 
----------~-kg/ha------------
0 
22 
45 
67 
179 
*Average of nine varieties. 
1999 
2099 
2240 
2213 
2207 
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A graphical representation of N response at Codington County, 
NW, Wallace location is presented in Figure 7. A quadratic equation was 
developed from this data: (yield = 2005 + 5.12 * fertilizer -.0223 * 
fertilizer2) with an r2 value of .91. The maximum yield predicted by 
this equation is 2299 at 115 kg/ha of nitrogen fertilizer. In order to 
achieve 98% of this maximum yield (2253 kg/ha) 70 kg/ha of nitrogen fer-
tilizer is required. In comparing with the existing model (N needed = 
yield potential * 2.4 - soil nitrate) using 2253 kg/ha as yield poten-
tial and 55 kg/haas soil nitrate (Table 2), only 35 kg/ha of fertilizer 
N would have been recommended which would have resulted in 93% (2138 
kg/ha) of the maximum yield. 
To determine ove rall yielding ability of individual varieties, N 
treatments of each variety were averaged (Table 12). 
YIELD (KG/ HAl 
Yield 2005 + 5.12*(fertilizer) - 0.0223*(fertilizer) 2 
r 2 :; .91 
• 
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Figure 7. Nitrogen response curve for spring wheat at Codington Co., NW, \lallace. 
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Table 12. Yield of nine spring varieties, Codington County, 
NW, Wallace, 1981. 
Var1 ety Prote1n Gra1n 
Group Yield* 
kg/ha 
Solar low 2692a 
Era low 2453a 
Butte medium 2306ab 
Eureka high 2069 be 
Coteau high 2013 be 
Probrand 711 low 2013 be 
Olaf medium 2011 be 
Waldron high 1998 be 
WS1809 medium 1764 c 
*Average of all n1trogen rates. Means w1th same letter are not slgnl-
gicantly different at 5% level using Duncan New Multiple Range Test. 
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Table 12 shows that there is no significant difference in yield 
between Solar, Era, and Butte. There was a significant difference bet-
ween Solar and WS1809 representing both highest and lowest yield 
response at this location. Variety response was similar to the previous 
location, high protein varieties generally were lower yielding and low 
protein varieties remained high yielding. 
Protein Response. Analysis of varience (Appendix Table E) shows 
that there was no significant interaction between N treatments and 
varieties at this location. Figure 8 illistrates nitrogen response on 
grain protein. This data is also presented in Table 8-10. In general, 
the protien response was much greater than the yield response. All nine 
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percent of nine varieties, Codington Co., m~, Wallace. 
varieties demonstrated an increase in protein with an increase in N 
rate. Although Era, Probrand 711, and Solar are considered low 
protein varieties, the protein content was as high as 15.15 
percent. But the general ranking among all the varieties remains 
constant indicating that N cannot be used as a substitute for the 
genetic ability for a variety to produce protein. The range of 
protein at this location was 11.40 to 17.17 percent, and was rela-
tively higher than the previous location. 
Codington County, SE, Watertown 
The analysis of variance (Appendix Table F) shows that 
there was a significant difference between nitrogen treatments. 
The same was true for varieties and replications. There was no 
signficant N by variety interaction for yield and protein which 
indicates that all the varieties reacted toN in the same manner. 
Yield Response. Figure 9 shows the nitrogen grain yield 
response curves for the nine varieties. Associated . data are pre-
sented in Table 13-15. Since there was no significant N by variety 
interaction, N levels were averaged over varieties and reported in 
Table 16. A linear relationship was developed (Yield = 754 + 7.85 
* fertilizer) with r2 value of .98. Therefore, maximization of 
yield at a given rate could not be ascertained. 
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Figure 9. Effect of nitrogen fertilization on grain yield 
of nine varieties, Codington Co., SE, Watertown. 
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Table 13. Effects of levels of nitrogen on grain yield and percent 
protein of three high protein spring wheat varieties in 
Codington (Watertown) 1981. 
Nitrogen Gra1n Protein Yield Percent of ~aximum Y1eld 
Rate 'held Prote1n =Yield X Protein/100 Grain Protein 
kg/ha kg/ha % -----kg/ha---------- ---------%--------------
WALDRON 
0 898 14.97 135 77 78 
22 1103 14.87 163 94 94 
45 935 14.99 167 80 97 
67 1171 15.22 173 100 100 
EUREKA 
0 876 15.16 132 78 80 
22 574 14.40 83 51 50 
45 1021 15.22 155 91 94 
67 1119 14.69 165 100 100 
COTEAU 
0 559 15.18 85 45 43 
22 974 15.46 151 79 77 
45 1189 15.50 169 96 86 
67 1239 15.89 197 100 100 
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Table 14. Effects of levels of nitrogen on grain yield and percent 
protein of three medium protein spring wheat varieties in 
Codington (Watertown) 1981. 
N1trogen Gra1n Prote1n Y1eld Percent of Rax1mum Y1e1a 
Rate Yield Protein =Yield X Protein/100 Gra1n Protein 
kg/ha kg/ha % -----kg/ha---------- ---------%--------------
WS1809 
0 778 14.11 110 65 62 
22 930 14.24 133 77 75 
45 769 14.25 110 64 62 
67 1201 14.79 178 100 100 
BUTTE 
0 948 14.19 135 64 62 
22 1087 14.13 154 73 70 
45 1436 14.26 205 96 94 
67 1489 14.69 219 100 100 
OLAF 
0 471 14.48 68 50 58 
22 674 14.31 97 71 71 
45 949 14.34 136 100 99 
67 946 14.58 137 100 100 
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Table 15. Effects of levels of nitrogen on grain yield and percent 
protein of three low protein spring wheat varieties in 
Codington (Watertown) 1981. 
Nitrogen Gra1n Prote1n Y1eld Percent of Rax1mum Y1eld 
Rate Yield Protein =Yield X Protein/100 Gra1n Protein 
kg/ha kg/ha % -----kg/ha---------- ---------%--------------
ERA 
0 787 12.47 98 52 50 
22 756 12.40 94 50 48 
45 1237 12.60 156 82 80 
67 1510 12.92 195 100 100 
P·ROBRAND 711 
0 1000 13.10 131 68 67 
22 968 13.06 126 66 65 
45 1208 12.92 156 82 80 
67 1467 13.31 195 100 100 
SOLAR 
0 767 12.39 95 49 48 
22 888 13.19 115 56 58 
45 1123 12.60 142 71 71 
67 1573 12.65 200 100 100 
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Table 16. Grain yield response to nitrogen, Codington County, SE, 
Watertown, 1981. 
N1trogen Gra1n 
Rates Yield* 
-------------kg/ha----------------
0 
22 
45 
67 
787 
884 
1096 
1302 
*Average of nine var1eties. 
A graphical representation of this response is presented in Figure 
10. Due to the linear relationship between N rates and yield, a 
reasonable comparison with the existing model could not be 
developed. It can simply be stated that at this location fertilizer 
increase yield. 
Table 17 represents ranking of yielding ability of nine 
varieties. 
Yielding ability of nine varieties at this location 
remained varied. Butte produced the highest yield and was signifi-
cantly different from Olaf, this reflected Butte•s superior 
yielding ability in comparison with the other varieties. All low 
protein varieties, Probrand 711, Era, and Solar remained con-
siderably higher than Coteau, Eureka, and WS1809, however they are 
not significantly different. 
YIELD IKG/HAI 
Yield= 754 + 7.85*(fertilizer) 
r
2 = .98 
5001 .. ----~~----~----~~------------------------------.. 22 45 67 179 
NITROGEN (KG /HAl 
Figure 10. Nitrogen response curve for spring wheat at Codington Co., SE, Watertown. 
+:--
00 
Table 17. Yield of nine spring wheat varieties, Codington County, 
SE, Watertown, 1981. 
Var1ety Prote1n Gra1n 
Group Yield* 
kg/ha 
Butte Medi urn 1240a 
Probrand 711 Low 1160ab 
Era Low 1072ab 
Solar Low 1043ab 
Waldron High 1038ab 
Coteau High 965 be 
Eureka High 927 be 
WS1809 Medi urn 919 be 
Olaf Medium 736 c 
*Average of a 1 1 nitrogen rates. 
Means with same letter are not significantly different at 5% level 
using Duncan New Multiple Range Test. 
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Protein Response. Figure 11 represents protein response curves 
for nine spring wheat varieties at this location. There was no signifi-
cant N by variety interaction for protein (Appendix Table G). Overall, 
all nine varieties remained nonresponsive toN rates. Due to lack of 
a high N rate, a maximum grain yield could not be assertained. The same 
was true for protein. This locat ion was plagued with problems caused by 
inadequate replications and intervals on rates of N. 
Lake and Codington Counties represent typical variability 
-·--·-·-·-·-·-· ·-· . .--
..,.,. 
WALDRON 
IURIKA 
CO'nAU 
ws 1808 
BUTTW 
OLA~ 
IRA 
PROBRANO 711 
SOLAR 
NITROGEN IKG I HA I 
so 
··-·-·-·-·· 
.-.._._ 
--·-·-·-·-· 
-·-·-·-·-·· 
Figure 11. Effect of nitrogen fertilization on grain protein 
percent of nine varieties, Codington Co., SE, 
~~a tertown. 
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caused by environmental factors. Such variability is not unusual in 
the South Dakota spring wheat growing area. Local environmental factors 
play a major role in determining the relationship between protein and 
yield. Understanding this relationship remains a subject of further 
research. 
Influence of Environmental Factors 
on Yield and Protein. 
The relationship between grai~ yield and grain protein content 
is highly dependent upon available soil nitrogen. Ideally, it is expected 
in spring wheat varieties that once a variety has maximized yield there 
should be sufficient available soil nitrogen to maximize protein content. 
But this is often complicated by t~~ timing of precipitation and soil 
temperature. It is often postulated that under South Dakota growing con-
ditions there could be some late mineralization. This type of mineraliz-
ation occurs under high soil temperature with little soil moisture. 
Often soil organic matter, soil moisture, and microbial activity become 
significant contributors to such mineralization. Considering this 
phenomenon, the 1981 growing season has been unusual in terms of 
precipitation. 
Location interaction. Analysis of variance for the location 
interaction between Lake and Codington County {Wallace) suggest 
(Appendix tables Hand I ), first, there was a significant interaction 
between N treatments and locations. Second, there was a significant 
interaction between varieties and locations indicating that in a · par-
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ticular location varieties reacted differently in yield. The above men-
tioned interactions between locations was also true for percent protein. 
Both locations continued to respond in protein at the highest level of 
N. Only in Lake County was there a significant interaction between N 
treatments and varieties. This significant interaction may have 
resulted from the 0 and 22 kg/ha treatments. These fluctuations in N 
response may be due to a trade off between yield and protein. There is 
very little observed fluctuation in Rrotein response curves beyond 67 
kg/ha. This could be assertained by examining the slope of the protein 
response curves in Figure 5. 
Table 18 represents the climatic data of Lake County, Madison. 
This indicates that throughout the growing season there has been above 
average precipitation. Consequently, sufficient soil nitrate was 
available, especially on higher rates, to have significant protein 
response. 
Climatic data of Codington County NW, (Table 19) show below nor-
mal precipitation during April, May and June, so yield response may have 
been minimized due to lack of soil moisture. Further examination of 
climatic data shows that July received above average precipitation 
followed by below normal precipitation. July precipitation may have 
been too late for yield increases, but may have been favorable for pro-
tein accumulation, because this part of the growing period is known to 
be critical for protein deposition in the grain. This is in agreement 
with protein response in Figure 8. Considering the climatic data for 
Table 18. Climatic data for Lake county (Madison) 1981. 
Month Temperal-ur_e _____ Mean ~---TofaT Precfpital ion 
Max. Min. 
{Average} 
(be) (oc) (mm) 
Apri 1 17.8 3.4 10.7 48.01 
May 19.7 5.7 12.7 17.53 
June 26.4 11.9 19.2 64.52 
July 27.9 16.2 22.1 63.75 
August 26.8 14.6 20.7 41.91 
Departure from Normal 
(mm) 
+ 9 
+ 65 
+ 30 
+ 14 
+ 19 
U1 
v.> 
Table 19. Climatic data for Cod1ngton county, S E (Watertown) 1981. 
Mont~ ~e-mp-eral-u-re-- -- - -Mea-n - - - To-faT UPre-cTp-ffa-ff on- - Departure -fr_o_m -N-o-fnial 
Apri 1 
May 
June 
July 
August 
Max. Min. 
(Average) 
(°C}-- (°C) {rrimT-----------------~-{ffim} 
16.8 2.2 
19.4 5.9 
24.8 12.5 
28.1 16.0 
26.9 14.6 
9.5 
12.7 
18.7 
22.1 
20.8 
25.91 
22.09 
54.61 
107.69 
22.09 
-27.94 
-58.93 
-40.64 
27.18 
-43.18 
Ul 
+:"--
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both the locations, it is evident that yield and protein responses were 
highly dependent on the precipitation pattern during the growing season. 
Developing a Predictive Model and 
Comparison With Existing Model. 
Stepwise multiple regression was conducted to determine the best 
combination of available independent variables in order to achieve maximum 
grain yield. Thirty-five different experiments were used to develop this 
model. The data from the individual sites is presented in Appendix table 
L. According to the model, (%of maximum yield= 74.889 + .468* fer-
tilizer- 0.002053* (fertilizer)2 with r2 value of .40) 128 kg/ha of 
nitrogen fertilizer is required to maximize grain yield (Figure 12). 
Variables considered in developing this model included - protein, 
fertilizer, fertilizer squared, soil nitrate to 61 em depth, organic 
matter, organic matter squared, and organic matter cubed. To determine 
the influence of protein on maximum yield, protein was entered on the 
third step of the stepwise with only 2 percent improvement in r2 value. 
The same stepwise multiple regression procedure was followed to deter-
mine the best combination of independent variables for maximum protein 
content. According to the model,[% of maximum protein content= 68.1 + 
0.55* fertilizer- 0.0022* (fertilizer)2 with r2 value of .50] 138 kg/ha 
of nitrogen fertilizer is required to maximize grain protein content 
(Figure 13). Input to this model as independent variables included -
fertilizer, fertilizer squared, soil nitrate to 61 em depth, organic 
matter, organic matter squared, and organic matter cubed. 
PREDICTED VALUE 
• • ·* • * • . · ~ •.j . • 
• 
% of max. yd. 
• • 
t. ·•· ·•· 
• 
• • * • • ·:f.. • • • ·* 
• 
74.889 + .4687*fertilizer- .002053*(fertilizer) 2. 
r2 = .40 
112 
FERTILIZER KG/HA 
• Upper limit (95%) 
* Model 
• Lower limit (95%) 
179 202 
Figure 12. Predictive model for percent of maximum yield with upper and lower 
confidence limits. 
Ul 
0'1 
PREDICTED VALUE 
.; • 
• * 
• • 
• • -~ . 
• 
·.*: 
·*. 
• • • *: ·I • • * 
• '* • • 
• 
·* • 
% of max. protein yd. 68.10 + 0.5509*fertilizer - 0.0022*(fertilizer)2 
2 
r = . 50 
90 112 157 
FERTILIZER KG/HA 
• Upper limit (95%) 
-*: Model 
• Lower limit (95%) 
179 202 
Figure 13. Predictive model for percent of maximum protein with upper and lower 
confidence limits. 
U1 
......... 
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It is apparent that the r2 values for both yield and protein 
models are low. As discussed earlier, environmental factors have a 
significant influence on yield and protein. However, these models 
(Figure 14) are more reliable at lower fertilizer levels than at higher 
fertilizer levels. This was caused at least in part, by many of the 
experiments not having high enough rates. Table 20 shows the distribu-
tion of data points. The table shows that there were only 19 obser-
vations beyond 113 kg/ha. On the other hand, there are 238 observations 
to predict fertilizer need from 0 to 112 kg/ha. The same pattern of 
data point distribution was true for predicting maximum protein content. 
Therefore, it is apparent from the models (Figure 14) that confidence in 
predicting yield and protein content is greater at a lower rate than at 
a higher rate of nitrogen. 
In comparing the yield model (Figure 14) with the existing nitrogen 
need model (2.4* yield goal bu/A- 0- 61 em soil nitrate) (14), it is 
apparent that the existing model has an input of soil nitrate in the 
equation as an independent variable. The yield model in Figure 21 does 
not have nitrate as an independent variable. One of the possible expla-
nations that can be sited for nitrate nitrogen not being included in 
this model is that the distribution of soil nitrate nitrogen level is 
not uniform (Table 21). Table 21 shows that at the lower (1 to 34 kg/ha) 
range there are only 10 observations. On the higher (68 to 124 kg/ha) 
range, there are only 3 observations. This is perhaps attributed to the 
exclusion of soil nitrate nitrogen in the model. 
,,. ........ ,., 
Table 20. Distribution of fertilizer N rates in spring wheat studies. 
N Fertilizer Range 
~~3-~~~~~--6ff~ga--~1-112 113-134 135-157 158-179 180-202 Total 
No. of 
Observations 109 58 61 0 10 1 
Percent of Grain Prote.i n Percent 
0 17 1 257 
maximum yield 11.1-12 12.1-13 13.1-14 14.1-15 15.1-16 16.1-17 17.1-18 18.1-19 19.1-20 Total 
> 9 5% No. 1 0 8 2 2 13 2 2 1 1 50 
of -----------------------------------------------------------------------------------------------
<95% Obs 8 16 29 17 12 9 3 2 0 86 
Tot a 1 136 
V1 
\() 
· - -_, wy ~ 
PREDICTED VALUE 
~ 
* • • * '* • • 
• * * • 
• 
• * 
• '*· 
• 
* • Model for percent of max. yield 
* 
:*. Model for percent of max.p~ein 
22 45 67 90 112 134 157 179 
FERTILIZER KG/HA 
Figure 14. Predictive model for percent of maximum yield and percent of 
maximum protein. 
0'\ 
0 
Table 21. Distribution of Initial Soil Nitrate Levels at 
Different Experimental Sites. 
Range of 
61 
Nitrate Nitrogen kg/ha 1-17 18-34 35-50 51-67 68-84 85-124 
No. of 
Observations 2 8 9 8 2 1 
Therefore, the soil nitrate remained unequally distributed which perhaps 
diluted the influence of nitrate in both high and low end. 
Using Protein Content to Predict 
Sufficiency or Insufficiency of N. 
Critical levels of nutrients are often defined in qualitative 
terms, the terminology used often includes a marginal zone beyond some 
critical level. The margi~al zone is that zone where it is difficult to 
determine whether or not a given predictor variable would be associated 
with a high or low nutrient status. In this case, the predictor is 
grain protein content and high or low nutrient status are sufficient or 
insufficient N for maximum yield. A protein critical level and a margi-
nal zone have many practical applications in South Dakota. First, grain 
protein content can be used as a qualitative post harvest tool for a 
spring wheat grower's N program by comparing the grower's protein levels 
with the critical level. Second, for growers who have never used N, it 
may be demonstrated, in some cases, from protein analysis whether a N 
fertilization program is needed for their fields. This could prove to 
be an extremely valuable extension tool for improving N nutrition 
programs. 
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A relationship between percent of maximum yield and percent pro-
tein content is presented in Figure 15. Table 20 shows the protein 
distribution of the observations. Figure 15 shows the relationship bet-
ween relative yield and grain protein content. The graph represents 35 
experimental sites, from 1963-1981 including almost equal numbers of 
responsive and nonresponsive locations. Percent of maximum yield was 
determined by considering the highest yield as 100 percent. Solid sym-
bols denote nitrogen sufficiency and 'empty symbols denote insufficiency. 
Triangles denote data for 1981 experiments. 
In Figure 15, lines at 95% and 92% of maximum yield were chosen 
for sufficiency of nitrogen which means all the observations that were 
equal to or greater than 95% or 92% of maximum yield were considered 
sufficient in nitrogen. Any observation that was below 95% was con-
sidered insufficient in nitrogen for achieving maximum yield in this · 
study. A second floating probability level was drawn at 13% protein on 
the percent protein axis. A ratio was developed for those points with 
less than 13% protein based on the number of observations above and 
below 95%. Table 20 shows that this ratio was 1:24. This indicates 
that out of 25 observations with less than 13% protein, 24 were at less 
than 95% of the maximum yield. A simple probability can be calculated 
by dividing 24 by 25 observations which is 96%. It may be stated that 
if a spring wheat grower•s protein history shows values consistently 
below 13% then 96% of the time he is losing yield due to N deficiency. 
If a grain protein was greater than 13%, no inference can be made about 
l7< ...... ;, 
PERCENT OF MAXIMUM YIELD 
I • .u. • Mle. --'• . .... • • • • • 
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Figure 15. The relationship between percent of maximum yield and percent protein 
content. 
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N sufficiency of the wheat from this data. In other words, the 
~marginal zone" appears to extend across the remaining range of protein 
levels in this study. Therefore, upon initial determination of N, if a 
grower is consistently producing grain with less than 13% protein, he 
should certainly soil test to determine the quantity of additional N 
needed. 
SUMMARY AND CONCLUSIONS 
Field experiments involving nine commonly grown spring wheat 
varieties were employed to develop nitrogen response curves for yield 
and protein, a predictive model for nitrogen required to maximize 
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both yield and protein, and the relationship between relative yield and 
grain protein content. In general, there were various .types of respon-
ses in terms of yield and levels of N treatments. In Lake County, yield 
response was relatively higher than the other two locations. In com-
paring with the existing model, the required nitrogen fertilizer was 
high to maximize yield. in Codington County (Wallace), almost all the 
varieties showed very little response in yield beyond the 67 kg/ha N 
rate. Again, in comparing with the existing model, higher nitrogen fer-
tilization was required to maximize yield than expected. However, it 
was much less than the Lake County location. In Codington County 
(Watertown), due to lack of a higher rate than 67 kg/ha, the response of 
yield could not be determined. Considering all three locations, the 
yielding ability of varieties was affected by soil moisture status. 
However, a general trend was observed that the low protein varieties 
ranked higher in yield than the medium or high protein varieties. 
Virtually all nine varieties at three locations continued to 
respond in protein at the highest level of N treatment. This type of 
N response may be attributed to soil moisture status. Soil moisture 
status is highly dependent upon the pattern of precipitation in South 
n 
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Dakota spring wheat growing areas. Late mineralization and transloca-
tion may have caused the response in protein at the end of the growing 
season. Although high protein varieties showed substantial increase in 
protein and yield, the yielding ability appeared somewhat lmited. The 
lack of a variety by N treatment interaction for the three groups of 
varieties supports the theory that N cannot be utilized to compensate 
for a variety's genetic inability to produce high protein. 
Multiple regression equations were developed to determine which 
factors influence the yield and protein most. The model for yield 
explained 40% of the variability using fertilizer and fertilizer squared 
terms. The model for protein explained 50% of the variability using the 
same factors. Incorporation of historical data increased confidence in 
predicting more at lower rates than at higher rates of nitrogen because 
there were relatively fewer observations at higher N rates. 
A critical level of percent protein was established to be 13%, 
below which {96% of the time) nitrogen was insufficient. This implies 
that growers who are receiving consistantly less than 13% protein are 
most likely to see response in yield as well as protein if nitrogen is 
added and a soil test should be conducted. If protein content was above 
13%, response in yield may or may not occur so soil testing is again 
recommended. This critical level may prove to be a beneficial extension 
tool. 
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APPEND IX Table A 
Varietal description: High protein group. 
Waldron: A beardless hard red spring wheat developed by the 
North Dakota Experiment Station of (Kenya 338A X (Lee X Mida} X Lee) X 
Justin, released in 1969. It is medium in maturity with medium straw 
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strength. It has an excellent yield record and an expecially high yield 
potential under optimum growing condition. The test weight of the 
variety is good. Along with satisfactory milling and baking qualities, 
Waldron is considered to be high protein variety. 
Eureka: A standard height, awnletted hard red spring wheat 
variety developed by South Dakota Agricultural Experiment Station and 
released in 1978. Eureka is an FS -derived selection from the cross, 
ERA/3/CORRE CAMINO//CIANO 67/SONORA 64. It is medium in maturity with 
medium strong straw strength. Eureka is known to yield slightly better 
than Waldron. Seed size is large with test weight and protein content 
similar to Waldron. 
Coteau: A midseason to late, medium height, bearded hard red 
spring wheat variety. Released by North Dakota Agricultural Experiment 
Station and USDA-ARS in 1978. It has demonstrated a good yield perfor-
mance in regional tests. It has medium strong straw strength _ with high 
test weight, very high protein, and satisfactory milling and baking 
qualities. No pedigree was found. 
Medium Protein Group: 
World Seed 1809: An early, beardless, semi-dwarf, hard red 
spring wheat. Released by World Seed Inc. in 1970. It has strong straw 
i 
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strength with low to medium yield, also known to be best adapted to high 
fertility soil and relatively weed-free conditions. It has medium test 
weight and protein content with satisfactory milling and baking 
qualities. No pedigree history was found. 
Butte: An awned, early to midseason, medium height hard red 
spring wheat variety released by North Dakota Agricultural Experiment 
Station and USDA-ARS in 1977. It is selected from a three-way cross 
involving ND480/Polk//Wisconson 261. Butte has high yield and test 
weight with medium protein percent. It is also known to be very dif-
ficul .t to thresh and erratic in yield record. 
Olaf: An awned, medium to late in maturity, semi-dwarf, spring 
wheat variety released by North Dakota Agricultural Experiment Station 
and USDA-ARS in 1974. It is a selection from a cross between Waldron 
and a semi-dwarf breeding line involving Justin, Conley, and Norin 10 
parentage. Olaf is classed as a semi-dwarf but is taller than the semi-
dwarf 'arieties now being grown. It is strong in straw strength with 
high yield and test weight, medium in protein content with satisfactory 
milling and baking qualities. 
Low Protein Group: 
Era: It was the first semi-dwarf hard red spring wheat variety 
developed by Minnesota Experiment Station in cooperation with the USDA 
and released in 1971. The pedigree is described to be: 
II 50-10/4/Pembina/II 52-329/3/II 53-38//II 58-4/II 53-546. It is a 
bearded, mid-to-late maturing, strong straw strength and an excellent 
yielding variety. The test weight of Era is high with satisfactory 
milling qualities. It is low in protein and bake absorption. 
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Probrand 711: An awned, white-chaffed semi-dwarf, medium 
maturity released by Northrup King in 1980. It is an F9 head selection 
from the cross MN II 62-6l(insensitive)/3/Justin//Conley/N.D. 122. It 
has strong straw strength, high yielding and test weight with satisfac-
tory milling qualities. It has low protein and bake absorption. 
Solar: An awned, late to midseason, semi-dwarf, similar to Era. 
Released by Northrup King Co. in 1978. It is bearded and has strong 
straw strength with very high yield and test weight. It has satisfac-
tory milling with low protein content and bake absorption. No pedigree 
history was found. 
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Appendix Table B. Analysis of variance of yield of nine spring wheat varieties, 
(General linear models procedure). Lake county, Madison. 
Source of variation df 
N-TRT (Treatments) 4 
VAR(Varieties) 8 
REP(Replications) 3 
VAR x REP 24 
N-TRT x REP 12 
N-TRT x VAR 32 
Error 94 
Total ""fir 
NS--No significant difference 
*--Significant at .05 level 
**--Sign.ificant at .01 level 
sum of square mean square F 
3010.69 752.67 45.21* 
2775.18 346.90 6.36** 
3232.48 1077.49 134.93** 
1309.08 54.55 6.83** 
199.76 16.650 2.08* 
320.17 10.00 1.25NS 
750.64 7.98 
PR F 
0.0001 
0.0002 
0.0001 
0.0001 
0.0251 
0.2013 
........ 
w 
Appendix Table C. Analysis of variance of protein of nine spring wheat varieties, 
(General linear models procedure). Lake county, Madison. 
Source of variation df 
N-TRT (Treatments) 4 
(~·- ! 
VAR(Varieties) 8 
REP(Replications) 3 
VAR x REP 24 
N-TRT x REP 12 
N-TRT x VAR 32 
Error 94 
Total TTl 
NS--No significant difference 
*--Significant at .05 level 
**--Significant at .01 level 
sum of square mean square F 
84.20 21.05 66.54** 
180.06 22.05 60.27** 
9. 76 3.25 15.03** 
8.96 .373 1.72* 
3.79 .315 1.46NS 
12. 05 .376 1.74* 
20.35 .216 
PR F 
0.0001 
0.0001 
0.0001 
0.0338 
0.1530 
0.0211 
'-J 
~ 
r: •<., !I 
Appendix Table D. Analysis of variance of yield of nine spring wheat varieties, 
{General linear models procedure). Codington county, N W, Wallace. 
Source of variation df sum of square mean square F PR F 
N-TRT {Treatments) 4 339.12 84.78 6.83** 0.0042 
VAR{Varieties) 8 2832.60 354.07 3.92** 0.0043 
REP{Replications) 3 1668.84 556.28 84.23** 0.0001 
VAR x REP 24 2166.05 90.25 13.67** 0.0001 
N-TRT x REP 12 148.98 12.41 1.88* 0.0464 
N- TRT x VAR 32 280.01 8.75 1.32NS 0.1491 
Error 96 634.04 6.60 
Total T19 
NS--No significant difference 
*--Significant at .05 level 
**--Significant at .01 level 
-...,J 
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Appendix Table E. Analysis of variance of protein of nine spring wheat varieties, 
{General linear models procedure). Codington county, N W, Wallace. 
Source of variation df sum of square mean square F PR F 
N-TRT (Treatments) 4 182.23 45.55 289.45** 0.0001 
VAR(Varieties) 8 227.03 28.38 14.56** 0.0001 
REP(Replications) 3 30.10 10.03 41.97** 0.0001 
VAR x REP 24 46.76 1.95 8.15** 0.0001 
N-TRT x REP 12 1.89 .15 .66NS 0.7866 
N_;TRT x VAR 32 10.84 .34 1.42NS 0.0994 
Error 96 22.95 .239 
Total 119 
NS--No significant difference 
*--Significant at .05 level 
**--Significant at .01 level 
........ 
0'1 
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Appendix Table F. Analysis of variance of yield of nine spring wheat varieties, 
(General linear models procedure). Codington county, S E, Watertown. 
Source of variation df 
N-TRT (Treatments) 3 
VAR(Varieties) 8 
REP(Replications) 2 
VAR x REP 16 
N-TRT x REP 6 
N-TRT x VAR 24 
Error 45 
Total T04 
NS--No significant difference 
*--Significant at .05 level 
**--Significant at .01 level 
sum of square mean square F PR F 
905.19 301.40 8.90* 0.0125 
443.64 55.45 3.29* 0.0203 
175.16 87.58 9.60** 0.0003 
269.36 16.83 1.85NS 0.0543 
203.38 38.89 3.72** 0.0044 
329.05 13.71 1.50NS 0.1176 
410.59 9.12 
'-J 
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Appendix Table G. Analysis of variance of protein of nine spring wheat varieties, 
{General linear models procedure). Codington county, S E, Watertown. 
Source of variation df sum of square mean square F PR F 
N-TRT (Treatments) 3 1.58 .526 3.60NS 0.0850 
VAR{Varieties ) 8 98.61 12.32 120.78** 0.0001 
REP{Replications) 2 .50 .25 1.62NS 0.2094 
VAR x REP 15 1.53 .102 .67NS 0.8028 
N-TRT x REP 6 .87 .145 .95NS 0.4673 
N-TRT x VAR 24 3.62 .150 .98NS 0.5049 
Error 43 6.59 .15 
Total TOr 
NS--No significant difference 
*--Significant at .05 level 
**--Significant at .01 level 
o..,J 
00 
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Appendix Table H. Analysis of variance of location interaction between Lake and Codington 
County N.W. (Wallace) for yield (GLM}. 
Source of variation df 
N-TRT (Treatments) 4 
VAR(Varieties) 8 
REP(Replications) 3 
LOCA (Locations) 1 
N-TRT x VAR 32 
VAR x LOCA 8 
N- TRT x LOCA 4 
N-TRT x VAR x LOCA 32 
Error 268 
Total 360 
NS--No significant difference 
*--Significant at .05 level 
**--Significant at .01 level 
sum of square mean square 
13743534.76 3435883.5 
26014662.43 3251832.8 
22171555.49 ' 7390518.3 
7642393.19 7642393.19 
1374182.27 42943.19 
1939647.26 242455.9 
4738746.99 1184686.7 
1736889.18 54277.78 
F PR F 
2.90NS 0.1635 
13.41** 0.0007 
67.27** 0.0001 
69.57** 0.0001 
.79NS 0.7443 
2.21* 0.0272 
10.78** 0.0001 
.49NS 0.9908 
" \.() 
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Appendix Table I. Analysis of variance of location interaction between Lake and Codington 
County N.W. (Wallace) for protein (GLM). 
Source of variation df 
N-TRT (Treatments) 4 
VAR{Varieties) 8 
REP(Replications) 3 
LOCA (Locations) 1 
N-TRT x VAR 32 
VAR x LOCA 8 
N-TRT x LOCA 4 
N-TRT x VAR x LOCA 32 
Error 268 
Total 360 
NS--No significant difference 
*--Significant at .05 level 
**--Significant at .01 level 
sum of square mean square 
259.25 64.81 
399.81 49.99 
32.85 10.95 
46.63 46.63 
10.93 .341 
7.48 .93 
13.83 3.45 
11.31 .353 
F PR F 
18.73* 0.0074 
53.48** 0.0001 
26.22** 0.0001 
111.63** 0.0001 
.97NS 0.5389 
2.24* 0.0252 
8.28** 0.0001 
.85NS 0.7075 
00 
0 
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Appendix Table J. Climatic data for Beadle county, Huron • . 
Month Temperature Mean TotaTPrecTJ?ffatT on--- . neparfu-re- -from Norma 1 
-- Max. Min. --
April 
May 
June 
July 
August 
(Average) 
roq-~ - ( o c) ~--- -- ------rmmT- ----- -----~-~--[mnfJ 
19.4 3.4 
21.8 6.8 
28.7 12.8 
32.4 18.1 
28.8 15.8 
11.4 
14.3 
20.8 
25.3 
22.3 
6.09 
17.27 
37.59 
56.89 
117.60 
-43.69 
-52.58 
-57.91 
0.25 
67.31 
00 
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Appendix Table K. 
Year County 
1969 Hand 
1969 Hand 
1969 Hand 
1969 Hand 
1969 Hand 
1969 Beadle 
1969 Beadle 
1969 Beadle 
1969 Beadle 
1969 Beadle 
1969 Beadle 
{~ . .. :J 
Historical and current data used in protein and yield model. 
1963 to 1981 
Organic Soil Nitrogen Yield Grain Protein 
Matter Nitrate Levels Content 
% 1b/A lb/A bu/A % 
3.2 54 0 28 15.8 
3.2 54 15 29 16.2 
3.2 54 30 28 16.2 
3.2 54 60 31 15.9 
3.2 54 90 29 16.5 
2.2 30 0 24 13.5 
2.2 30 60 38 14.1 
2.2 30 90 38 14.6 
2.2 30 120 39 14.9 
2.2 30 150 40 14.7 
2.2 30 180 37 15.1 
Variety 
Chris 
Chris 
Chris 
Chris 
Chris 
4 Varieties 
4 Varieties 
4 Varieties 
4 Varieties 
4 Varieties 
4 Varieties 
00 
N 
Appendix Table K. Continued. 
Year County Organic Soil Nitrogen Yield Grain Protein Variety 
Matter Nitrate Levels Content 
~ lb/A lb7A bu/A ~ 
1968 Hand 3.1 41 0 20 12.5 Chris 
1968 Hand 3.1 41 15 29 12.6 Chris 
1968 Hand 3.1 41 30 30 12.2 Chris 
1968 Hand 3.1 41 60 36 13.0 Chris 
1968 Hand 3.1 41 90 38. 14.0 Chris 
1968 Hamlin 4.2 44 0 28 13 ~ 2 4 Varieties 
1968 Hamlin 4.2 44 30 35 13.6 4 Varieties 
1968 Hamlin 4.2 44 60 40 14.0 4 Varieties 
1968 Hamlin 4.2 44 90 43 14.5 4 Varieties 
1967 Day 3.5 20 0 34 11.8 Chris 
1967 Day 3.5 20 15 35 11.2 Chris 
1967 Day 3.5 20 30 36 11.4 Chris 
1967 Day 3.5 20 60 52 12.5 Chris 
00 
w 
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Appendix Table K. Continued. 
Year County Organic Soil Nitrogen Yield Grain Protein Variety 
Matter Nitrate Levels Content 
% 1b/A lb7A bu/A % 
1967 Day 3.5 20 90 59 13.0 Chris 
1967 Faulk 2.2 19 0 32 11.8 Chris 
1967 Faulk 2.2 19 15 34 11.8 Chris 
1967 Faulk 2.2 19 30 39 11.8 Chris . 
1967 Faulk 2.2 19 60 39 12.8 Chris 
1967 Faulk 2.2 19 90 44 13.'8 Chris 
1964 Brown 1.6 12 0 9 12.4 Lee 
1964 Brown 1.6 12 15 14 11.5 Lee 
1964 Brown 1.6 12 30 18 11.8 Lee 
1964 Brown 1.6 12 60 17 12.1 Lee 
1964 Brown 3.2 17 0 13 12.0 Sel ki r 
1964 Brown 3.2 17 15 14 12.9 Selkir 
1964 Brown 3.2 17 30 14 13.6 Selkir 
00 
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Appendix Table K. Continued. 
Year County Organic Soil Nitrogen Yield Grain Protein Variety 
Matter Nitrate Levels Content 
;; 167Jl: 167Jl: bu7Jl: % 
1964 Brown 3.2 17 60 15 14.5 Selkir 
1964 Spink 2.0 26 0 13 15.5 Lee 
1964 Spink 2.0 26 15 14 15.5 Lee 
1964 Spink 2.0 26 30 13 15.5 Lee 
1964 Spink 2.0 26 60 15 15.7 Lee 
1964 Gregor 3.0 21 0 23 13~6 Pembin 
1964 Gregor 3.0 21 15 23 14.3 Pembin 
1964 Gregor 3.0 21 30 25 14.3 Pembi n 
1964 Gregor 3.0 21 60 30 14.9 Pembin 
1965 Brown 1.5 23 0 13 13.3 Crim 
1965 Brown 1.5 23 15 40 13.7 Crim 
1965 Brown 1.5 23 30 41 14.5 Crim 
) 1965 Brown 1.5 23 60 48 15.3 Crim 
00 
U'1 
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Appendix Table K. Continued. 
Year County Organic Soi 1 
Matter Nitrate 
% lb7A 
1965 Edmunds 3.0 41 
1965 Edmunds 3.0 41 
1965 Edmunds 3.0 41 
1965 Edmunds 3.0 41 
1965 Spink 2.6 22 
1965 Spink 2.6 22 
1965 Spink 2.6 22 
1965 Spink 2.6 22 
1966 Spink 2.6 32 
1966 Spink 2.6 32 
1966 Spink 2.6 32 
1966 Spink 2.6 32 
{~ .... :J 
Nitrogen Yield 
Levels 
167A bu/A 
0 25 
15 31 
30 32 
60 31 
0 18 
15 22 
30 27 
60 34 
0 13 
15 16 
30 17 
60 19 
Grain Protein 
Content 
% 
14.4 
14.9 
15.5 
15.5 
13.5 
13.6 
13.3 
13.3 
15.2 
15.2 
15.1 
15.8 
Variety 
Crim 
Crim 
Crim 
Crim . 
Crim 
Crim 
Crim 
Crim 
Chris 
Chris 
Chris 
Chris 
(X) 
0'\ 
Appendix Table K. Continued. 
Year County Organic Soil 
Matter Nitrate 
i 11i7~ 
1966 Edmunds 2.6 31 
1966 Edmunds 2.6 31 
1966 Edmunds 2.6 31 
1966 Edmunds 2.6 31 
1963 Brown 1.7 18 
1963 Brown 1.7 18 
1963 Brown 1.7 18 
1963 Brown 1.7 18 
1963 Edmunds 2.8 23 
1963 Edmunds 2.8 23 
1963 Edmunds 2.8 23 
1963 Edmunds 2.8 23 
Nitrogen Yield 
Levels 
157~ 5u7~ 
0 12 
15 17 
30 17 
60 18 
0 15 
15 19 
30 21 
60 18 
0 17 
15 17 
30 22 
60 20 
Grain Protein 
Content 
i 
12.8 
13.6 
13.7 
14.7 
12.3 
12~5 
13.1 
14.2 
14.2 
12.9 
13.5 
13.7 
Variety 
Chris 
Chris 
Chris 
Chris 
Probra 
Pro bra 
Probra 
Pro bra 
Pro bra 
Probra 
Probra 
Pro bra 
00 
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Appendix Table K. Continued. 
Year County Organic Soil 
Matter Nitrate 
i 167A 
1966 Spink 3.9 44 
1966 Spink 3.9 44 
1966 Spink 3.9 44 
1966 Spink 3.9 44 
1963 Spink 4.1 53 
1963 Spink 4.1 53 
1963 Spink 4.1 53 
1963 Spink 4.1 53 
1963 Spink 1.4 58 
1963 Spink 1.4 58 
1963 Spink 1.4 58 
1963 Spink 1.4 58 
,j;.._,,_ 
Nitrogen Yield 
Levels 
lb7A bu7A 
0 12 
15 12 
30 12 
60 10 
0 11 
15 11 
30 11 
60 10 
0 12 
15 12 
30 15 
60 11 
Grain Protein 
Content 
i 
13.2 
14.2 
14.1 
15.3 
14.2 
I 
14.9 
15.3 
16.2 
16.4 
16.8 
17 .o 
17 .o 
Variety 
Chris 
Chris 
Chris 
Chris 
Pembi n 
Pembin 
Pembin 
Pembi n 
Pembi n 
Pembi n 
Pembin 
Pembin 
00 
00 
Appendix Table K. Continued. 
Year County Organic Soil 
Matter Nitrate 
% 1b/A 
1963 Dewey 1.7 8 
1963 Dewey 1.7 8 
1963 Dewey 1.7 8 
1963 Dewey 1.7 8 
1963 Perkins 1.1 18 
1963 Perkins 1.1 18 
1963 Perkins 1.1 18 
1963 Perkins 1.1 18 
1963 Perkins 1.2 45 
1963 Perkins 1. 2 45 
1963 Perkins 1.2 45 
1963 Perkins 1.2 45 
(~ ... ~ 
Nitrogen Yield 
Levels 
lb7A bu7A 
0 10 
15 10 
30 12 
60 10 
0 16 
15 16 
30 16 
60 17 
0 14 
15 12 
30 13 
60 13 
Grain Protein 
Content 
% 
13.5 
13.8 
14.7 
15.6 
16.6 
17 ~0 
17.2 
17.8 
15.6 
15.9 
15.8 
16.2 
Variety 
Lee 
Lee 
Lee 
Lee 
Lee 
Lee 
Lee 
Lee 
Lee 
Lee 
Lee 
Lee 
(X) 
1..0 
Appendix Table K. Continued. 
Year County Organic Soi 1 
Matter Nitrate 
% lb7A 
1963 Clark 2.6 32 
1963 Clark 2.6 32 
1963 Clark 2.6 32 
1963 Clark 2.6 32 
1980 Aurora 2.5 31 
1980 Aurora 2.5 31 
1980 Aurora 2.5 31 
1980 Aurora 2.5 31 
1977 Grant 3.4 111 
1977 Grant 3.4 111 
1977 Grant 3.4 111 
{! . .. !l 
Nitrogen Yield 
Levels 
lb7A bu7A 
0 10 
15 8 
30 10 
60 12 
0 13 
30 14 
60 13 
90 13 
0 54 
30 57 
60 58 
Grain Protein 
Content 
% 
14.4 
14.9 
14.4 
15.0 
17.8 
19.1 
18.1 
18.5 
13.53 
14.26 
14.16 
Variety 
Pembin 
Pembin 
Pembi n 
Pembin 
Pembi n 
Pembi n 
Pembin 
Pembi n 
\.0 
0 
Appendix Table K. Continued. 
Year County Organic 
Matter 
"' 
1980 Lake 3.0 
1980 Lake 3.0 
1980 Lake 3.0 
1980 Lake 3.0 
1981 Codington 3.0 
1981 Codington 3.0 
1981 Codington 3.0 
1981 Codington 3.0 
1981 Lake 3.6 
1981 Lake 3.6 
1981 Lake 3.6 
1981 Lake 3.6 
-=-
([.C.l 
Soil Nitrogen 
Nitrate Levels 
167A lb]A 
48 0 
48 30 
48 60 
48 90 
49 0 
49 30 
49 60 
49 90 
68 0 
68 30 
68 60 
68 90 
Yield 
bu]A 
49 
50 
57 
53 
26 
29 
34 
35 
35 
42 
43 
45 
Grain Protein 
Content 
% 
14.36 
13.45 
13.62 
14.82 
12.54 
14.25 
15.45 
18.50 
13.4 
13.7 
14.6 
15.5 
Variety 
~ ..... 
Appendix Table K. Continued. 
Year County Organic Soil Nitrogen Yield Grain Protein Variety 
Matter Nitrate Levels Content 
i lb7A lb7A 6u7A i 
1978 Jerauld 2.7 62 0 33 13.22 3 Varieties 
1978 Jerauld 2.7 62 30 40 13.00 3 Varieties 
1978 Jerauld 2.7 62 60 51 14.02 3 Varieties 
1979 Jeraul d 3.0 50 0 28 14.02 3 Varieties 
1979 Jerauld 3.0 50 30 31 15.11 3 Varieties 
1979 Jerauld 3.0 50 60 32 16~19 3 Varieties 
1981 Lake 3.2 51 0 29 12.99 9 Varieties 
1981 Lake 3.2 51 20 34 13.08 9 Varieties 
1981 Lake 3.2 51 40 37 13.37 9 Varieties 
1981 Lake 3.2 51 60 40 13.66 9 Varieties 
1981 Lake 3.2 51 160 42 14.93 9 Varieties 
1981 Cod. NW 2.8 49 0 30 13.09 9 Varieties 
1981 Cod. NW 2.8 49 20 31 13.55 9 Varieties 
\.0 
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Appendix Table K. Continued. 
Year County Organic Soil 
Matter Nitrate 
% 167~ 
1981 Cod. NW 2.8 49 
1981 Cod. NW 2.8 49 
1981 Cod. NW 2.8 49 
1981 Cod. SE 3.1 44 
1981 Cod. SE 3.1 44 
1981 Cod. SE 3.1 44 
1981 Cod. SE 3.1 44 
~ ~ 
Nitrogen Yield 
Levels 
167~ 6u7A 
40 33 
60 33 
160 33 
0 12 
20 13 
40 16 
60 19 
Grain Protein 
Content 
% 
14.21 
14.84 
15.96 
14.00 
14.00 
14'. 07 
14.30 
Variety 
9 Varieties 
9 Varieties 
9 Varieties 
9 Varieties 
9 Varieties 
9 Varieties 
9 Varieties 
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